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Coordination of decentralized supply chains using contract design is a problem that has been widely
addressed in the literature. We consider a divergent supply chain including a supplier and several retail-
ers producing fashion products with short sale seasons. The retailers cooperate with the supplier as sales
agents; i.e., they work in the framework of revenue sharing contracts. Because of their proximity to the
market, retailers can provide more accurate demand forecasts to the supplier that is used to decide on
issues such as capacity building and market prices with regard to retailers stiff due dates, different lead
times and different price-dependent demand functions. To ensure abundant supply and cope with the
demand variability, the retailers have an incentive to exaggerate their private forecast information. In this
study, we propose a new rewarding-punishing coordination mechanism based on trust between supply
chain tiers, considered as a differentiation factor between honest and deceptive partners. An optimization
model is developed as a building block of this mechanism. An approximation method is used to simplify
and solve the problem. The model is then implemented using Monte-Carlo simulation in four different
situations, according to 10 different strategies for forecast information sharing. The findings from the
tests show that the mechanism including trust as a decisional factor performs better than ‘No Trust’
mechanism in all situations. These results suggest that taking into account Trust in designing coordina-

tion mechanism may have significant influence on the financial performance of the supply chain.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction and literature review

In a centralized supply chain, a central planner tries to optimize
the total supply chain profits (or costs) considering different deci-
sion variables. The central planner can use information from any
supply chain echelon to develop optimal decisions since all infor-
mation gathered belong to a single body. This case is referred as
‘Symmetric Information’ mechanism. In a decentralized supply
chain, a member’s decision is based on his own interests and indi-
vidual rationality, which can be in conflict with others’ ones. Con-
flicts of interest can severely damage information sharing and can
have serious damages on the entire chain’s performance. Creating a
partnership among the members and sharing credible information
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throughout the supply chain can improve its efficiency (e.g., Ca-
chon and Lariviere, 2001; Viswanathan and Qinan, 2003; Chen
et al.,, 2010). A well-designed contract can align the members’ deci-
sions to achieve optimal performance for the entire chain as well as
fairly sharing profits and risks among them (e.g., Donohue, 2000;
Serel et al., 2001; Wu et al., 2002; Erkoc and Wu, 2005; Jin and
Wu, 2007). Cachon (2003) provide a comprehensive literature re-
view on coordination with contracts. The development of coordi-
nating contracts has led to the hope that these methods are
adopted extensively in practice and they can significantly improve
the performance of the decentralized supply chain, which has not
been achieved yet. The main possible reason is that most of the
existent literature has tended to focus on optimizing the main
decisions based on financial aspects and assuming that players
are Bayesian decision makers, rather than trying to understand
the actual behaviors of decision makers and designing coordina-
tion mechanisms based on identified characteristics.

Several attempts have been made to coordinate divergent sup-
ply chains. Some studies investigate the identical retailers such as
Lau et al. (2008), Sarmah et al. (2008) and Qin et al. (2007), where
the former work considers a deterministic and price-dependent
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Nomenclature

Acronyms

NLC Non-Linear Constrained optimization model
QA Quadratic Approximation model

DMP Discretization Model of Price

AQMI  Approximated Quadratic Mixed Integer optimization
model

SI Symmetric Information model (used for comparison in
simulation)

NT No Trust model (used for comparison in simulation)

Indexes

t the time period index, t=1,2,...,s

i the retailer index, i=1,2,...,n

j the price level, j=1,2,...,m;

l linearization variables, =1, ...,4

Decision variables

W; the quantity of product to be delivered to retailer i

X; the safety reservation quantity corresponding to retailer
i

Di the price for retailer i

G the available production rate that should be set up for
the next period

G, the extra production rate that should be built for the
next period

W the quantity of products to be delivered to retailer i with
price level j

Xij the safety reservation quantity of retailer i if the retai-
ler’s price value is p;;

Z a binary decision variable defined clearly in expression
(14)

Y a binary decision variable used to build mathematical
optimization model

Xiji variables used for linear approximation

Yii binary decision variables used to build mathematical
optimization model

S(X;) expected quantity of sale of retailer i if X; is concerned

&si supplier’s belief about stochastic demand quantity

eTBi supplier’s Trust-based belief about stochastic demand
quantity

o level of the supplier’s trust in retailer i which is between

zero and one and updated in each period

Stochastic parameters
& stochastic demand which has a truncated normal distri-
bution over interval (g, §;)

Deterministic parameters
n number of retailers
S number of periods

m; number of price levels for retailer i
d number of periods which is considered to run Matched-
Pairs t-test

Wi, O mean and standard deviation of stochastic demand of
retailer i

& the actual superior information of retailer i about sto-
chastic demand

& the reported information as the retailer i's private fore-
cast information about stochastic demand

ETB the supplier’s Trust-based belief about the retailer i's
stochastic demand

as; the extent to which the product is accepted in the mar-
ket in region i

ay; the coefficient of the demand responsiveness in region i

L; the deterministic retailer i's lead time

k maximum available time to produce and deliver the
products for each period

Ca available amount of capacity used as an upper bound for
G

Cp an upper bound for C,

hs.i holding cost per product unit per time unit which only
attributed to supplier due to his ownership

Us the supplier’s production, transportation and opera-
tional costs per product unit including operational costs
regarding retailer i

M, 42 set up cost for the available capacity and building cost
for the extra required capacity respectively

T the amount paid for each reserved product in advance
by the retailer to the supplier under revenue sharing
contract

®i the retailer i’s revenue share from sales

Dij value of price of retailer i at jth level

o agents’ forecast accuracy based on interval length

Oi_min  the minimum value for o;

Score;imir the initial value for score of retailer i, at the beginning of
the first period

Score; retailer i’s score which updates at the end of each period

SLy, SL,, SL3 values of significance levels respectively used for
first, second and third Matched-Pairs test

n points that a retailer gets if Null hypothesis is failed to
be rejected at a significance level of SL,

n* points that a retailer gets if Null hypothesis is failed to
be rejected at a significance level of SL,

n- points that a retailer gets if Null hypothesis is failed to
be rejected at a significance level of SL;

n- points that a retailer gets if Null hypothesis is rejected
at a significance level of SL3

B a coefficient with values between zero and one to re-

strict the share of X; in W;

demand, the second study investigates a stochastic demand, while
the latter work with a constant demand. A number of studies
investigate divergent supply chains with heterogeneous retailers
such as Jin and Wu (2007), Cachon and Lariviere (2005), Bernstein
and Federgruen (2005), Klastorin et al. (2002), and Anupindi et al.
(2001). Sarlak and Nookabadi (2011) investigate a three level sup-
ply chain with several retailers with stochastic demand using a
timing discount contract to synchronize the timing of retailers’ or-
ders with the supplier’s order cycle. However, the demand struc-
tures in these works are either deterministic or stochastic or
price-dependent; there are few studies which consider coordina-

tion in a divergent supply chain with stochastic and price-depen-
dent demand (Pezeshki et al. (2013)).

In a different stream of research, some works, especially in the
field of behavioral economy address the behavior of decision mak-
ers in business. In their seminal work, Ozer et al. (2011) study a
cheap talk mechanism in a dyadic supply chain in which the sup-
plier requests private forecast information from a supplier to take
his capacity investment decision under a simple wholesale price
contract. The supplier has an incentive to exaggerate her forecast
information in such a costless and nonbinding interaction called
as “cheap talk”. No cooperation is the equilibrium point for this
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cheap talk model based on standard game theory; i.e., the supplier
ignores the retailer’s forecast information. Several controlled labo-
ratory experiments are undertaken, which simulate cooperation
between players even in absence of reputation-building mecha-
nisms and imperative contracts. They state that trust and trustwor-
thiness are the main reasons for this cooperation. They conclude
that the retailer’s forecast information is positively connected with
the supplier’s capacity decisions; i.e., the supplier more likely deci-
des to build higher capacity, as he receives a high forecast report,
than a supplier receiving a lower forecast. They inferred that par-
ticipants in their experiments use simpler methods to adjust their
beliefs, rather than Bayes’ rules, which is consistent with the work
of Kahneman and Tversky (1982), who show that people are not
Bayesian decision makers. Moreover, Ozer et al. (2011) suggest
that repeated interactions lead to significant reduction in forecast
exaggeration. In this context, if retailer’s forecast information is re-
vealed to the supplier once each interaction is completed, the sup-
plier can perfectly verify the trustworthiness of the report; this
kind of feedback is called “full information feedback”. In contrary,
if the supplier only is aware of the realized demand but not the pri-
vate forecast, the retailer may exaggerate her forecast; this feed-
back is named as “partial information feedback”. Another
laboratory study is undertaken in Inderfurth et al. (2008) to evalu-
ate effectiveness of a proposed screening contract to coordinate a
vendor-buyer supply chain, where the buyer is privileged to access
to private demand information within a just-in-time context. It is
indicated that retailers harm the supply chain performance with
strategically manipulated information. Li and Lin (2006) empiri-
cally study information sharing and information quality in supply
chain management using data gathered from 196 companies. Their
results suggest that there is a positive correlation between infor-
mation sharing and its quality and trust between supply chain
partners. Handfield and Bechtel (2002) come to the conclusion that
to build a new relationship based on trust, a wisely use of contracts
to control their relative levels of dependency is advised. Their mod-
el is tested using data collected from a sample of purchasing man-
agers in North America. Hill et al. (2009) also provide another
controlled experimental work which tries to explain behavioral is-
sues linked to agent decisions in real world. It is derived from these
studies that analytical models that consider non-pecuniary factors
have more potential to better explain human behavior in complex
supply chain situations. Although considerable research is devoted
to experimental and empirical works to determine whether or not
partners in real world are Bayesian decision makers, there is a need
to develop new models to better explain their behaviors. Indeed,
less attention has been paid to design mechanisms based on
non-pecuniary factors such as Trust which better fits the human
behavior in business interactions.

Based on trust literature in supply chains, there are some retail-
ers who work honestly and convey truthful information to their
partners even in the absence of reputation-building mechanisms
and obligatory contracts. However, there may be some deceptive
agents, which manipulate their private information to increase
their own performances. According to Ozer et al. (2011), this dis-
utility of misreporting can be interpreted as a psychological cost
derived from the retailers’ aversion to be caught in deceit. On the
other side, the supplier’s ability to discriminate between honest
and deceptive retailers has an important role in truthful informa-
tion sharing. In other words, honest retailers may report truthful
information as long as the coordination mechanism is fair enough
as for Alger and Renault (2006). Retailers with better abilities to
misrepresent their private information can benefit from the exis-
tence of honest retailers who are not able or not willing to misre-
port their private information (Severinov and Deneckere, 2006).
Voigt (2009) links information sharing, trust and trustworthiness
to a traditional principal-agent setting in a supply chain. He claims

that the strategic use of private information harms the total supply
chain performance. He concludes that the effect of information
sharing on the supplier’s performance is not clear. Especially, if
the supplier manages to assess the retailer’s information sharing
behavior delicately to find the probability of credible signals, he
will be able to improve his performance. In studying different col-
laborative organization structures, Cheikhrouhou et al. (2012)
identify trust as one of the most important factors that has to be
considered to improve and to sustain the global performances.
They state that trust plays an important role not only in coordinat-
ing the activities between enterprises of a networked organization,
but also during the different other phases of its lifecycle.

So far, studies have been confined to develop coordination
mechanisms regarding only financial/economic factors. This paper
introduces Trust as a main non-pecuniary factor to develop coordi-
nation mechanisms in decentralized supply chain using simple and
prevalent contracts. To the best of our knowledge, there is not any
study that develop a coordination mechanism based on Trust. In
this paper, it is assumed that players are not Bayesian decision
makers. Furthermore, repeated interactions and partial forecast
information sharing are considered in the proposed mechanism.
The mechanism proposed is associated with a rewarding-punish-
ing system to relatively identify the deceptive agents and to
encourage honest agents to continue sharing their private informa-
tion truthfully. An optimization model is designed as a building
block of the mechanism and transformed into a mixed-integer qua-
dratic model to ease its resolution. To better examine the perfor-
mance of the proposed mechanism in different contextual
situations, four situations are chosen in terms of both market size
and demand variability, two levels determined for each factor. The
mechanism is evaluated in each situation according to ten different
reporting strategies using a Monte-Carlo simulation approach. A
short description about the Monte Carlo simulation is provided
in the Supplementary document. As dimensions of models consid-
ered in this study grow, computation time may increase if applica-
tions such as CPLEX are used to find optimal solutions. In these
cases, Meta-heuristic methods can be helpful to implement the
proposed mechanism in reasonable time (Engelbrecht, 2007; Hau-
pt and Haupt, 2004; Ganesan and Vasant, 2012; Vasant, 2010; Va-
sant and Barsoum, 2009).

The rest of this paper is organized in the following way. In Sec-
tion 2, a description of the model and its features are provided. Ba-
sic mathematical optimization model is presented and trust-based
coordination mechanism is explained. In Section 3, an approximate
mathematical optimization model is built and the resolution meth-
od is detailed. Section 4 presents the simulation experiments of the
proposed mechanism in four different contextual situations. In
Section 5, results of simulation experiments and performance eval-
uation regarding ten different strategies are represented. Finally,
Section 6 concludes the work and provides future research
directions.

2. Model description

We consider the problem of coordination by contract in a diver-
gent supply chain constituted by one supplier and several retailers
which produce fashion products with short sale seasons. Retailers’
demand are independent of each other. The product considered is a
fashionable product and can be changed for each period in its fash-
ion features but not in nature. Demand is stochastic and price-
dependent, which is represented by a linear decreasing function
of retailer’s price to which a stochastic variable is added in order
to capture the demand uncertainty. It is assumed that the stochas-
tic demand variable has a truncated normal distribution on definite
and predetermined intervals. The retailers cooperates with the
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supplier in the form of sale agents; i.e., they work in the framework
of revenue sharing contracts. Parameters of Demand functions and
probability distributions are common knowledge between the sup-
plier and the retailers. However, owing to retailers’ proximity to
the market, they can provide more accurate demand forecast by
the time the supplier decides on his capacity building (expansion),
product assignment and market price. In order to take these deci-
sions, the supplier considers the constraints regarding retailers’
different lead times. On account of retailers’ information promi-
nence, the retailers have an incentive to exaggerate their private
forecast information to benefit from acquiring high quantity of
products, to avoid stock outs and increase their sales when it is
possible. In addition, the retailers can have considerable influence
on the supplier’s capacity and price decision through manipulating
their own prominent forecast information. The information prom-
inence of the retailers can be formulated in a way that the retailers
are assumed to estimate the stochastic demand within a signifi-
cantly tighter interval than that of the supplier. Since retailers
cooperate as agents with the supplier, the supplier holds the own-
ership of products all the time until they are delivered to final cus-
tomers. Hence, production costs, us;, and holding costs, hs; are
assumed to only be attributed to the supplier i. Different values
of ug; and hs; are considered due to different operational and hold-
ing costs from the retailers’ side, for which the supplier is respon-
sible due to the product ownership.

We assume that the supplier and the retailers cooperate on a
long-term basis. The supplier produces similar kinds of fashion
products in each time period. A product batch is sold during a sin-
gle period. For the next period, the product nature is constant, and
the changes are only subject to fashionable features and apparent
specifications like color and design. As a consequence, the demand
form, distribution and parameters are the same over all periods.
During the time between two consequent periods, the supplier
needs a specific time as a set up time or an extra capacity building
time. Then, the supplier starts production with the provided pro-
duction rate and delivers the products to each retailer once in each
period. Based on his optimization model, the supplier decides on
the quantity to deliver to each retailer for the coming period. Deliv-
ery lead-times are deterministic and not necessarily equal, thus,
the supplier has several dispatches at different times to satisfy
all the retailers. The proposed mechanism includes a scoring and
rating system based on the result of a Matched-Pairs t-test to
examine whether there is any significant difference between re-

»
»

Quantity
\

FCapacity buildingﬂ C,

ported information and actual demand. At the end of each period,
the scores are updated and the retailers are divided into three
groups according to their scores: High trust, Medium trust and
Low trust groups. Three different revenue sharing contracts are
then designed to take appropriate measures to exert discrimina-
tion between honest and deceptive agents according to each retai-
ler’s score. To the low trust group, a stringent contract is assigned,
whereas a moderate contract is proposed to the medium trust
group, and a trust-based contract is offered to the high trust group.
Ten different reporting strategies are developed so as to examine
the performance of the proposed mechanism in identifying decep-
tive agents and the possible improvement in the whole chain per-
formance. To do so, two factors are considered: First, exaggeration
in demand forecast amount, which is considered at three levels
(5%, 10% and 15%). Second, frequency of exaggeration which also
has three levels (every period, every two periods and every three
periods). Combinations of different levels of the two factors consti-
tute nine strategies, to which the honesty strategy is added, obtain-
ing finally 10 reporting strategies. The following notations and
definitions are used in modeling:

The demand, as presented in Eq. (1), consists of a deterministic
part which has to be completely satisfied by the supplier and a sto-
chastic part specified by ¢;. In addition to satisfy all of her deter-
ministic demand, Di(p;), in order to cope with stochastic part of
demand, the retailer i places her safety reservation quantity, X.
In this way, the retailer i expects to sell S(X;) quantity of the prod-
ucts regarding X; as well as her deterministic demand, Dy(p;), see
Eq. (3).

Di(p;, &) = Di(p;) + &, Di(p;) = i — oy, & € (&, &),
Vi=1,2,....n (1)

2.1. Basic mathematical optimization model

One of the building blocks of the proposed Trust-based mecha-
nism (detailed in Section 2.2) is the optimization model used by
the supplier and the retailers to make their decisions. The retailers
do not have explicit decisions in the proposed mechanism and they
act as sales agents, but they have an implicit decision which is to
decide on whether they should exaggerate their forecasts and
how much. The supplier is assumed to be committed to deliver
products to retailers at a specific predetermined due date which

NG

Selling season| me
>

kl

Production time and dispatching phase

7 Initial orders are placed

1- Actual demand is observed <
2- Final orders are placed

Fig. 1. A schematic representation of the supplier’s inventory level and retailers’ lead times.
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is set to the beginning of each selling period. The supplier deter-
mines the quantity to deliver to each retailer. In addition, it is as-
sumed that lead times are deterministic and known. Therefore,
lead times are sorted in a descending order, and the index i is then
used to specify this order; i.e., L; denotes the largest lead-time and
corresponds to retailer 1. Note that using this method, retailers are
numbered too. In this way, the supplier has to send the products to
retailers at different time points according to their different lead
times. It is assumed that the production starts k time units before
the beginning of each selling period (see Fig. 1).

Considering that ¢; and r; are parameters of the revenue sharing
contract applied to retailer i, the latter should pay r; for each re-
served product and earns ¢; portion of price of each sold product.
The supplier revenue is constituted of reservation fee and revenue
earned from selling products as presented in Eq. (2). The expected
quantity sold according to the stochastic demand and the safety
reservation quantity, X; of retailer i is denoted by S(X;) as shown
in Eq. (3). Particularly, S(X;) is the expected sales regardless of
deterministic demand if safety reservation quantity of retailer i is
X;. Henceforth, X; and W;— (aiy; —app;) will be used in an
exchangeable way.

n
Supplier's revene = > {(1 - @)pil(an — azp)

i=1

+S(Wi — (an — app;))] + 1iWi} (2)
-X; Xi
S(X,) = (1 — F"ii (X,))X, +/ SiFgl(Si)dS,' :X,‘ 7/ FEI.(S,')dS,' (3)
0 0

where X; = W; — (a1 — aip;) (4)

The supplier's Non-Linear Constrained optimization model
(NLC) is to maximize his profit, considering his revenue in Eq. (2).
NLC Model

n Wi—(ai1 —aip;)
Max f => (1 - @,)p; {W,- - /O Fﬂ.(si)dg!}
i=1

+> [ri — Ui — hy; <(k _ZLM) +Lv+ ;)}
i1

x W — (31Cy + 12C3) (5)

s.t.

CAY < C1 < Cy (6)

Cz < CBY (7)
t

> Wi—k—Lj(Ci+C) <0, Vt=1,...,n (8)
i=1

Wi — (an — app;) < d; 9)

LBy, < p; < UBy,

. (10)
W;i=>0VvVi=1,....n; C;,C; 20; Y=0o0r1

As inventory costs are not the optimization focus in this model,
they are approximated with linear functions to simplify the model.
The precise production time is >! ;x;/(C; + C2) which can be at
most k — L,. In order to satisfy on-time delivery constraints, i.e.,
Eq. (8), the production time may be considerably less than k — L;,.
Therefore, a linear approximation of > ! ,x;/(C; +C;) can be
(k — Ly), where Ly, is the median of L;. Eq. (8) represents the con-
straints which guarantee the existence of enough quantity of prod-
ucts for all sendings with regard to the different retailers’ lead
times. The left side of constraint (9) is equivalent to safety reserva-
tion quantity of retailer i. X;, and d; at the right side are constant
values which work as the upper bounds for the values of X;. The

reason of this restriction is to avoid possible situations where a re-
tailer may use an abnormally high price to benefit from sales with
regards to the stochastic demand.

2.2. Rewarding-punishing mechanism based on trust

We propose the following approach to determine an approxi-
mate solution as shown in Fig. 1. The flowchart depicts the steps
and actions of the proposed mechanism.

1. The supplier solves his optimization problem (described in Sec-
tion 4 - AQMI model) with regard to the available capacity
amount C,, which is set to zero at the beginning, and by ignor-
ing retailers’ reported information. The optimal values of the
optimization model build the supplier’s belief that &; = X;,
about stochastic demand.

2. The retailers prepare their own interval forecasts of stochastic
demand with length of po;, i.e. (& — &1, & +&1).

3. Each retailer makes up her reported interval with length of pa;,
ie (& —%,51+%2, using one of the predefined reporting
strategies considered in Section 4.

4. The supplier updates his prior belief about the stochastic
demand regarding retailers’ reports. Particularly, he creates
his Trust-based interval estimation regarding his own belief
and retailers’ reports using Eq. (11); i.e. (erp; — &2, ez + 1),

empi = (1 — o) + %85 (11)

5. The supplier solves his optimization model (Section 4 - AQMI
model) using the Trust-based interval. To do so, conditional
cumulative distribution function is substituted into the optimi-
zation model for non-conditional one. The optimal solution is
obtained, and the capacity expansion, number of products,
products assignment and market price are determined accord-
ing to the optimal solution. The required capacity is built, the
production is done regarding available production rate, and
each retailer’s products are sent to them on time.

6. During the selling period, each retailer observes the actual
demand. As the players use revenue sharing contracts in their
transactions, the supplier knows the actual demand quantity.
Once the actual demand, Dy(p;,¢;), is determined, the value of
actual stochastic demand ¢;, can be calculated using Eq. (1) con-
cerning the value of p;. In other words, this mechanism takes
into account partial information feedback; That is, at the end
of each selling season, although the supplier is aware of the
actual demand, he does not have access to the retailers’ private
forecast information.

7. The difference between each retailer’s reported demand infor-
mation and the actual demand quantity is tested using
Matched-Pairs t-test with three different significance levels to
determine how much a retailer is trustworthy. The hypotheses
considered are detailed in the following equations:

Ho: p, > I, (12)
Hi:p <, (13)

The retailer can earn or lose some points according to the follow-

ing rules:

7.1. To conduct this test, data for the last d periods are
considered.

7.2. For the first d periods, it is assumed that all retailers have a
score of Score; inir.

7.3. If Null hypothesis is rejected at a significance level of SL,,
the retailer gets ™ points (" > 0).

7.4. Otherwise if Null hypothesis is rejected at a significance
level of SL,, the retailer gets #* points (™" > 5" > 0).
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7.5. Otherwise if Null hypothesis is rejected at a significance
level of SLs, the retailer gets #~ point (1~ <0). If it is failed
to be rejected, the retailer gets #~~ point (5=~ <#5").

7.6. Scores acquired by retailers have to be integer values from
10, ,,, to 10. In other words, no retailer can have a score
greater than 10 or less than 10, . This means that if a
retailer’s score is 10 and then earns an extra point, the
score is still 10. Likewise, if a retailer has ascore of
10, and then loses some points, she keeps her 10,_ .

score.

7.7. The scores are normalized (divided by 10) and used as sup-
plier’s trust factor in retailer i, o; in the next period.

8. One of three revenue sharing contracts is assigned to each retai-

ler based on their scores according to the following rules:

8.1. If aretailer’s score is equal or less than a lower threshold, it
is put into the low trust group to which a stringent con-
tract is assigned.

8.2. If a retailer’s score is greater than the lower threshold and
less than or equal to an upper threshold, it is put into the
medium trust group to which a moderate contract is
assigned.

8.3. If a retailer’s score is greater than the upper threshold, it is
put into the high trust group to which a trust-based con-
tract is assigned.

The long-term interaction between the supplier and retailers
has be conducted using the above mechanism where each itera-
tion corresponds to each selling season. The stopping criterion
considered in the trust based coordination mechanism is the
number of periods. Note that in real world, the supplier may
come across situations where most of the retailers lay in low
trust group. In this situation, the supplier may decide to termi-
nate his cooperation with the deceptive retailers and replace
them by new ones.

Note that o; is the supplier’s trust factor in retailer i and quan-
tifies the supplier’s relative confidence in the retailer’s reported
forecast. If o; = 1, the supplier fully trusts the retailer. Inversely, if
o; =0, the supplier considers the report as an upper bound for
her real forecast. Unlike in Ozer et al. (2011), which is subject to
a ‘cheap talk’ in a dyadic supply chain under a simple wholesale
contract, a trustworthiness evaluation mechanism is included in
our proposed coordination mechanism. Thus, retailers are ‘re-
warded’ or ‘punished’ using three proposed revenue sharing con-
tracts according to their scores. A flowchart is provided in
Supplementary document which depicts the above mentioned
steps. In addition, a detailed flowchart is provided in Section 4
“Simulation experiments”.

3. Approximated optimization model

The constraints in the NCL model are linear and the decision
variables are either real or binary integer, but the objective func-
tion is non-linear. In order to solve this model, discretization of
price variables and linear approximation of demand cumulative
distribution functions are used. The model is then transformed into
a mixed-integer quadratic programming model which is solved
using CPLEX 12.3.

3.1. Discretization of price variables

Price levels are used instead of price decision variables to solve
the multiplication issue in the objective function. The feasible
interval for p; is discretized using m; points which may be located
at unequal distances from each other. Discretization Model of Price
(DMP) is as follows:

DMP Model

1, If jth price level of retailer i is chosen (1)
v 0, Otherwise
0<Xj<Mz; vi=1,2,...,n, j=1,2,...,m;, and M

has a sufficiently large value. (15)

m;
>Zj=1, Vi=12,....n (16)
i=1
0<X;<dy Vi=1,2,....,n; j=12,....m; (17)
Zij=0or1, Vvi=12,....n; j=1,2,....m

Eq. (16) makes sure that only one price level is chosen for each
retailer. Eq. (15) defines the relationship between each price level
and its corresponding safety reservation quantity where if a price
level is not chosen, its relevant X;; must be zero. It is worth noting
that the relations in Eq. (18) hold:

m; m;
Wi=Xi+an—app; Xi=)»; Wi=>;
= i

Wi = Xij + (an — anpyj)Z; (18)

3.2. Quadratic approximation of objective function

In order to approximate the function fé‘ F (&)de; where F, (&) is
the cumulative normal distribution function with the parameters
(ui,0;), linear approximation is used. The five break points used
for the approximation are indicated in Table 1. As this approxima-
tion results in a mixed integer quadratic programming model, the
number of break points has significant effect on the complexity of
the model and the required time to find an acceptable solution. In
order to avoid imposing unnecessary complexity on the model, a
five-break-point approximation is used, which provides acceptable
errors for normal values greater than y; — 1.9¢;. Table 1 shows the
break points and the maximum values of errors in the interval be-
tween consecutive break points. In this table, error 1 is the differ-
ence between the values of approximated and original cumulative
distribution function. Error 2 denotes the difference between the
values of integral of approximating function and integral of normal
CDF function. Although the maximum value of error 1 for normal
values less than u; — 1.9¢0; is 521%, the probability values in this
interval are so small that the linear approximation is acceptable.
The maximum error 1 significantly decreases with the increase of
normal value to the extent that for the normal values greater than
Wi — 1.90;, the maximum value of error 1 is only 4.3%. The values of
maximum error 2 shown in Table 1 indicate that the error resulted
from this method has less impact on the model for normal values
less than y; — 1.90; due to the fact that integral of normal CDF is
used in the objective function.

To ensure that the stochastic demand is always positive; the
tiny probability of negative demand is eliminated in the linear
approximation which has positive impact on reducing approximat-
ing errors. The approximating function is shown as follows:

Table 1
Break points to linearly approximate a normal CDF.

Break points Maximum error 1 (%) Maximum error 2 (%)

(1 — 3.407,0.0003) 521 84
(1t — 1.96;,0.0287) 314 24
(1 — 0;,0.0986) 6.8 7
(1 +1.30;0.9032) 43 4
(14 + 3.46,,0.9997) - -
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008 e, 0 <& <y —1.90;
0.0287 + 014 . 0 < ¢ < 0.90 4
F, (&) = o " 1 [ , where & =&
' 0.1587 +%8,‘3, 0<é3 <2.30; o
0.9032 +%8,‘4, 0 < &y < 2.10,’

(19)
After substituting Eq. (19) into jg‘* F (&)de; and taking the defi-
nite integral, the following Quadratic Approximation model (QA)
obtained includes a quadratic mixed integer expression under con-
straints (21)-(25). App gjé(’ ng(ai)dsi) denotes the quadratic
approximation of fé("" F;,(&)dg;, See Eq.(20):
QA Model

Xij Xij
F;,(g)de;, = App (/ F,;i(si)dsi)
0 0

00189, 01444, 03237,
~ 20, Xijp + 20; Xip + 20; Xi

0.0189

0.0459 _,
=g Xia

- (,ul — 1.96,-)X,-jz
i
<0.0189
+
ai

(0401 89

(1 — 1.90;) + 0.1444 x 0.9))(,,3

i

(H; —1.907) +0.1444 x 0.9 + 0.3237 x 2.3>Xij4

S.t.

(K —1.901)Yip < Xij < (14 — 1.900)Yip1,
Vi=1,2,....,nj=1,2,....m; (21)
090Yj3 < Xj» <0907Yyp, Vi=1,2,...,nj=1,2,....m; (22)
2.30',‘ij4<Xij3<2.3O'iyij3, Vi=1,2,...,n,j=1,2,....m; (23)
0<Xjs<210iYyj, Vi=1,2,....,nj=12,....m (24)
Yy=0o0r1l, Vi=12,....nj=1,2,....m;,1=1,2,3,4 (25)

With regard to the approximation and the new decision vari-
ables, Eq. (26) can be written:
4

Xij = Xii (26)
=1

3.3. Approximated optimization model

The discretization model (DMP) and quadratic approximation
model (QA) described respectively in Sections 3.1 and 3.2 are ap-
plied to NCL model which results in the following Approximated
Quadratic Mixed Integer (AQMI) model:

AQMI Model

vt i{“ ) %)ip” [(a“ ~ @opy) + Xy~ App (/OX F, (&-)ds;-)} }
i p=
+ g{ [I‘i — Us; — hy; <(k —2LM) + L+ g)] i[xii + (ain — ainij)]}

=

— (21(‘1 + ZzCz)

(27)
s.t.
CAY < C] < Ca (28)
Cz < CBY (29)
t m;
DD Xy — (an — appy)] — k- L](Ci + C2) <0,
i=1 j=1
Vt=1,....n (30)

Vi= ]727"'7n7j: ]727"'7mi
where M is a sufficient large value

31

m;

> Zy=1, Vi=12,....n (32)

j=1

(W —1.90)Yip < Xjt < (W —1.907)Y Vi=1,2,...,n,
j=1,2,....m; (33)

090iYj3 < Xjp <090y, Vi=1,2,....n, j=1,2,....m; (34)

2.30’,‘Y,'j4 <Xz < 2.30’,‘Y,‘j3, Vi=1,2,...,n, j=1,2,....m; (35)

0<Xiju<2l1oiYys, Vi=12,...,n, j=12,....m (36)

Zij=0o0r1, Vi=12,....,n, j=12,....m (37)

Yjy=0o0r1l, Vi=12,...,n j=12,....m,

1=1,2,3,4 (38)

Y=0or1l (39)

C1,C, =0 (40)

4. Simulation experiments

In order to examine the performance of the proposed Trust-
based mechanism, two important streams are considered: Report-
ing strategies and contextual situations. The former stream ad-
dresses the efficiency of the proposed mechanism in rewarding
honest agents and punishing deceptive agents. In order to address
this concern, several reporting strategies are developed so as to
examine the performance of the proposed mechanism in identify-
ing deceptive agents and the possible improvement in the whole
chain’s performance. Two factors are then considered: exaggera-
tion of demand forecast which is considered at three levels (5%,
10% and 15%) and frequency of exaggeration which also has three
levels (every period, every two periods and every three periods of
time). Combinations of different levels of the two factors constitute
nine reporting strategies completed by adding the honesty strat-
egy, leading to 10 reporting strategies. The latter stream empha-
sizes possible effects of different contextual situations on the
performance of the proposed mechanism. In order to take into ac-
count contextual situations, two factors, each at two levels, are
identified and shown in Table 2. In this way, there are four differ-
ent supply chain instances to be examined. The detailed flowchart
provided in Fig. 2 illustrates different processes in the simulation
approach.

Long-term interactions between the supplier and 10 retailers is
simulated for 26 periods, which are divided into two stages: the
first six periods and the last 20 periods. During the first stage (first
six periods), a moderate contract is employed to conduct transac-
tions between the players regardless whether the individual retai-
ler is honest or deceptive due to the lack of sufficient data to
conduct statistical tests. The second stage can be better represen-
tative of performance of the mechanism in long-term interactions.
However, average profits of retailers, supplier and total supply

Table 2
Contextual factors and their levels.

Factor Description Levels

A Market size Al

Level description

Small market size (Potential
demand = 10,000)

High capacity building costs
(41 = 1200, 2, = 2000)

High price (150-270)

A2 Large market size (Potential
demand = 100,000)

Low capacity building costs
(41 =420,/ = 600)

Low price: (50-120)

B Demand B1
variability B2

Low: a;=0.15u;
High: ¢;=0.3u;
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Fig. 2. Detailed flowchart for simulation experiments.
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Table 3
Parameters values with regard to the contextual factor A.
Retailer i Al A2 L
Qi iz u; h; i aiz u; h;
1 500 13 733 0.112 5000 38.9 29.16 0.044 60
2 1700 45 68.8 0.109 17,000 136.2 26.92 0.043 53
3 1300 3.1 72.7 0.117 13,000 93 30.34 0.049 45
4 1400 33 71.8 0.119 14,000 98 30.38 0.05 39
5 1000 2.8 60.1 0.106 10,000 84.8 22.79 0.04 36
6 500 14 58.8 0.107 5000 41.2 22.56 0.041 30
7 700 1.8 61.3 0.112 7000 53.9 24.59 0.045 25
8 1100 2.8 59.1 0.114 11,000 83 23.91 0.046 14
9 900 2.5 55.3 0.106 9000 75.6 20.90 0.04 14
10 900 2.1 58.3 0.118 9000 63.7 24.65 0.05 7
T=30 21 =1200 72 =2000 71 =420 J2 =600 k=70
Table 4 Two other mechanisms named as No Trust (NT) and Symmetric
Contract types employed with regards to the contextual factor A. Information (SI) are considered in this study to compare the perfor-
Contract type o A A mances of thfe Trust-Based (TB). mechanism with .other cooera-
I I tion mechanisms. If the supplier has no trust in the retailers’
Type 1-Stringent 015 n 3 repor_ted 1nfqrmat10r1, he has no choice but to decide upon his
Type 2-Moderate 0.2 18 6 own information about the demand (“No Trust”). Another extreme
Type 3-Generous 0.25 15 4 case is when the supplier and retailers work as a whole as if they

chain over the last 20 periods are considered as a performance
criterion.

Owing to the fact that differences between profits in different
mechanisms are compared using a simulation approach, sufficient
number of simulation runs can be computed using interval estima-
tion concept in matched-pairs experiments. In this way, number of
simulation runs is equal to n = (2SZa/2/E)2 where s is the estimated
standard deviation of the sample and E is the desirable error. In this
study, data from the last 20 periods is used in the comparison of
the differences between mechanisms of interest, which are suffi-
cient in all four contextual situations (Bowker and Lieberman
(1959)).

The parameters values for the supply chain instances corre-
sponding to A; and A, are presented in Table 3. Let yu;=0.45a;
for all retailers in all supply chain instances. It is worth recalling
from Table 2 that demand variability (B factor) is characterized
by its standard deviation. Furthermore, three types of revenue
sharing contracts shown in Table 4 are employed to manage inter-
actions between the supplier and the retailers. Different reserva-
tion fees are considered for each level of the contextual factor A
owing to different price ranges which each level of factor A con-
cerns with.

The parameters values of the Trust-based coordination mecha-
nism used to run the scoring system and to calculate the trust in-
dex values are summarized in Table 5.

belong to a centralized supply chain, where the retailers truly
share their private forecast information with the supplier (“Sym-
metric Information”). Performances of these two extreme cases
can be used as upper and lower bounds for the performance of
the trust-based mechanism.

Let E/F, specify a reporting strategy employed for an interaction,
where E; stands for “Exaggeration level I” and F, stands for “Fre-
quency level v”. Three levels are used for the Frequency of exagger-
ation because report inflation in every four period can be
considered as insignificant and then ignored. On the other hand,
three levels of exaggeration in forecast information are used so
as to reduce the number of simulation runs. It is clear that higher
number of levels with a smaller increment in exaggerations will
lead to more accurate results. A sequence of 10 reporting strategies
eXpressed as “Honesty, E+F:, E>Fq, EsFq, E1F5, ExF5, EsF,, EqF3, ExF3,
E3F3”, is considered to conduct 10 simulation runs for each one
of the four treatments. This sequence means that, simultaneously
in the first run, Honesty reporting strategy is applied to retailer 1,
EF; is applied to retailer 2 and so on. In order to build the second
sequence, the first strategy is moved from the beginning to the end
of the sequence. By repeating this method, 10 different sequences
are generated and used to conduct 10 simulation runs for each
treatment whereby each retailer experiences all reporting strate-
gies, and in each simulation run, all reporting strategies are pres-
ent. This configuration permits to compare a retailer’s average
profits under different reporting strategies. The average profits of
retailers, supplier and total chain over the last 20 periods are con-

Table 5

Parameters values for scoring system.
p d Ol min Score; inir Lower threshold Upper threshold n n* n n-
0.25 6 5 8 7 9 0.5 0.25 —0.25 -0.5

Table 6

Values of improvement indexes in different contextual situations.
Index A1B1 (%) A2B1 (%) A1B2 (%) A2B2 (%)
Possible Improvement Percentage in profit of total chain (PIP) 4.88 6.49 8.63 32.07
Achieved Percentage of Possible Improvement (APPI) 53.67 35.39 67.88 66.21
Achieved Improvement Percentage (AIP) 2.62 2.33 5.86 19.95
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sidered as performance evaluation criteria. Moreover, utilization of
each contract type as a percentage is used to evaluate the perfor-
mance of the rewarding-punishing system with respect to different
reporting strategies.

In order to simulate and compare the performances, simula-
tions are implemented using MATLAB 2008a and IBM ILOG CPLEX
Optimization Studio Academic Research Edition version 12.3, and
Microsoft Excel 2007 on a computer with Intel® Core 2 Duo CPU
2 gigahertz and 4 gigabytes RAM.

5. Simulation results

The ‘SI’ case is an ideal one, where the retailers perfectly share
forecast information with the supplier. The profit improvement of
the total chain in this model compared to that of ‘NT” model indi-
cates the maximum potential improvement hidden in the forecast
information sharing process. The relative Achieved Percentage of
Possible Improvement (APPI) is considered in this section in a
way that the ‘NT" model gets 0% and the ‘SI' model obtains 100%
using the APPI index, and any other mechanism, based on how
much improvement it can accomplish, scores a percentage be-
tween them. The row of Possible improvement Percentage (PIP)
in Table 6 shows the improvement derived from comparing the
‘SI' and the ‘NT” mechanisms. The last row of Table 6 presents
the Achieved Improvement Percentage (AIP) by the ‘TB’ mecha-

nism as compared to ‘NT’ mechanism. As a main performance in-
dex, AIP is used, and the other two indexes complement the
discussion. The values of the indices are summarized in Table 6.

As Table 6 shows, the highest value of AIP as well as the highest
PIP correspond to the case A2B2. The case A1B2 with PIP of 8.63%
and APPI of 67.88% ranks second on the basis of profit improve-
ment in the total chain.

On the side of fair observance and discriminatory measures to
differentiate between honest and deceptive agents, the proposed
‘TB’ mechanism is better off in A1B1 situation. The greatest number
of generous contracts are offered to agents with honesty strategy
in this contextual situation. Agents with F3 strategies are ranked
second, whereas no generous contract is offered to agents with
other types of strategies. In addition, the highest number of strin-
gent contracts are subject to agents with F1 and F2 strategies.
However, honest agents and agents with F3 strategies could not
keep away from the harm of stringent contracts in respectively
on average 7.1% and 10% of the last 20 periods (Fig. 3a). A2B1
has similar performance to the former situation. A small difference
is observed in the percentage of offered contracts over 26 periods
in 10 different runs regarding the strategy F2E1, where the per-
centage of stringent contract is reduced in favor of mostly moder-
ate contracts and slightly generous contracts. Other changes
mainly concern shifts from the percentage of stringent contract
to the percentage of moderate contract in different strategies

Utilization of contract types (%) versus different reporting
strategies in environment A1B1

Utilization of contract types (%) versus different
reporting strategies in environment A1B2
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Fig. 3. Utilization of contract types (%) with respect to different reporting strategies in different contextual situations: (a) A1B1, (b) A1B2, (c) A2B1 and (d) A2B2.



Y. Pezeshki et al./European Journal of Operational Research 230 (2013) 527-538

1,350

537

N

Thousands

1,250

Profit

- TB

—&— NT

1,200

1,150

1,100 — T T T T T T T T T T T

12 3 4 5 6 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Period number

Fig. 4. Profit values of total chain in A1B1 situation at first run over 26 periods.

(Fig. 3c). Agents with F2 strategies also take more advantage of TB
mechanism in the situations A1B1 and A2B1 as compared to the
two former situations. Particularly, agents with F2E1 strategy al-
most catch up with those with F3 strategies concerning the utiliza-
tion of generous contracts. Moreover, as observed in Fig. 3,
significant amount of shifts is seen from the percentage of strin-
gent contracts to the percentage of moderate and generous con-
tracts. A description about comparison of retailers ‘average
revenue over 10 reporting strategy in different contextual situa-
tions are provided in the Supplementary document.

Fig. 4 shows the evolution of the supply chain profit at the first
run in the situation A1B1 over 26 periods. This line chart is an in-
stance of 40 available charts which is illustrated here to build a
better understanding of performance of the three mechanisms over
26 periods. The results obtained from 40 simulation runs, including
10 simulation runs for each contextual situation, where each sim-
ulation run corresponds to a unique assignment of a retailer to a
reporting strategy, are summarized in Table 6. This table repre-
sents average performance values in four situations. Fig. 4 shows
that over all periods, ‘SI" mechanism predictably outperforms ‘TB’
mechanism which in turn surpassed ‘NT' mechanism, even if in
some specific periods such as 3, 6, 9, 22 and 25 there are very little
differences between the three cases. This may be due to the com-
bination of randomized values of demands and designed rules
incorporated into the TB mechanism. This pattern almost remains
unchanged in all 40 charts resulting from 40 simulations.

6. Discussion

Performance evaluation results of the trust-based mechanism
concerning both profit improvement of total chain and detecting
and discriminating capability indexes move to opposite directions
with respect to the contextual factors. As the variability of stochas-
tic demand increases, the performance of the mechanism in detect-
ing deceptive agents becomes worse, whereas the mechanism
performance from the aspect of total chain profit increases; The
higher risk, the more potential profit. When the demand variability
is low, there are little possible potential improvements using the
proposed mechanism as shown in Table 6. As for the market size
factor, the contrast is not so dramatic. In other words, detecting
capability deteriorates as the market size becomes larger, but the
effect of the market size on the total chain profit under the pro-
posed mechanism is not clear. As to the fall in detecting capability,
a possible explanation is that in the examined instances of the sup-
ply chain, the standard deviation of the demand is assumed to be a
multiplication of the demand mean, which in turn is a multiplica-

tion of the market size. That is, the increase in market size implies
an increase in the demand variability.

The higher achieved improvement percentages of the situa-
tions A1B2 and A2B2 implies the adequacy of the proposed mech-
anism to situations with high demand variability. Although
detecting capability is low in these environments, it is still situ-
ated in such an acceptable level that almost it can perfectly detect
F1 group of strategies and also has considerable accuracy in iden-
tifying agents using F2 strategies. Concerning agents with F3
strategies, the mechanism also applies slight punishments. How-
ever, F3 strategies are far away from F1 strategies in terms of ex-
tent of deception.

In situations with low demand variability (A1B1 and A2B1), the
achieved improvement percentages in these situations are not con-
siderably encouraging but the outstanding performance of the
mechanism in detecting deceptive agents make them advisable
to be applied in practice. In more detail, the ‘TB’ mechanism in
these situations detects perfectly F1 strategies and near perfectly
F2 strategies as well as substantially discriminates between honest
agents and agents with F3 strategies in the simulation runs.

This work complements the experimental work of Ozer et al.
(2011), where they propose a model that fits data gathered from
subjects’ actual behaviors and decisions using implications of their
work to design the mechanism. They could explain the difference
between actual decisions in practice and prediction of theories
by incorporating trust as a non-pecuniary factor, but they did not
propose any coordination mechanism. However, concerning the
supply chain structure, care must be taken as the findings might
not be transferable to all supply chain structures, or to the same
supply chain structure with different parameter values. In this
work, ‘Trust’ as an important non-pecuniary factor is used to de-
sign this coordination mechanism, which results in significant
detecting and discriminating capability as well as profit improve-
ments. A detailed description about advantage and disadvantages
of the proposed mechanism is provided in the Supplementary doc-
ument. One of the most important findings derived from this work
for the end users (firms integrated in divergent supply chains) is
the more the coordination establishes and the credible information
sharing takes place in the supply chain, the more the supply chain
can increase the total profit and reduce the market price. Specifi-
cally, it is shown that the performance of the mechanism in detect-
ing deceptive agents becomes worse when the variability of
stochastic demand increases, whereas the total supply chain profit
increases. Therefore, implementing this mechanism within real
supply chains can provide products with lower market prices to
end-users’ benefits.
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7. Conclusion

This paper addresses the design of a punishing-rewarding coor-
dination mechanism incorporating trust as a non-pecuniary factor
as well as common contracts, as opposed to prevalent works in the
literature proposing complex and less practical contracts. Gener-
ally, the proposed mechanism is better than the Non-Trust mech-
anism. Application of the proposed mechanism might be
advisable in situations with high demand variability especially
due to high potential financial performance. It is as well applicable
in low demand variability situations owing to its high detecting
capability in terms of retailer honesty. An important implication
of this study is that the proposed mechanism can be applied with
some customizations and variations in similar cases in practice.
This work presents some limitations and thus future research
directions. First, the retailers only decide on their initial orders
for the considered period, whereas they could divide the order size
at different time intervals. Second, the inventory holding costs are
approximated in this study in order to simplify the constraints
used in the optimization model. Third, there is still a probability
that a honest agent is punished or that a deceptive agent is
awarded due to the statistic nature of this mechanism. Finally,
These results therefore need to be interpreted with caution be-
cause of the small number of cases tested and the particular diver-
gent supply chain structure studied, which open future research
directions. Another possible extension of this work is to investigate
the cases in which the retailers can make direct decisions on their
reservation quantities and prices. From the computational per-
spective, different research directions could be proposed, related
to the actual performances of such algorithm with respect to the
calculation times and the robustness.

Acknowledgements

This work has been supported by Center for International Scien-
tific Studies & Collaboration (CISSC) and French Embassy in Tehran.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ejor.2013.04.055.

References

Alger, I, Renault, R, 2006. Screening ethics when honest agents care about
fairnessx. International Economic Review 47, 59-85.

Anupindi, R., Bassok, Y., Zemel, E., 2001. A general framework for the study of
decentralized distribution systems. Manufacturing & Service Operations
Management 3 (4), 349-368.

Bernstein, F., Federgruen, A., 2005. Decentralized supply chains with competing
retailers under demand uncertainty. Management Science 51 (1), 18-29.

Bowker, AH., Lieberman, G.J., 1959. Engineering Statistics. Prentice-Hall,
Englewood Cliffs, NJ.

Cachon, G.P., 2003. Supply chain coordination with contracts. In: Graves, S.C., de
Kok, A.G. (Eds.), Handbooks in Operations Research and Management Science.
North-Holland, pp. 229-340.

Cachon, G.P., Lariviere, M., 2001. Contracting to assure supply: how to share
demand forecasts in a supply chain. Management Science 47, 629-646.

Cachon, G.P., Lariviere, M., 2005. Supply chain coordination with revenue-sharing
contracts: strengths and limitations. Management Science 51, 30-44.

Cheikhrouhou, N., Pouly, M., Madinabeitia, G., 2012. Trust categories and their
impacts on information exchange processes in vertical collaborative networked
organisations. International Journal of Computer Integrated Manufacturing 25
(12), 1134-1147.

Chen, H., Chen, Y.F,, Chiu, C.-H., Choi, T.-M., Sethi, S., 2010. Coordination mechanism
for the supply chain with leadtime consideration and price-dependent demand.
European Journal of Operational Research 203, 70-80.

Donohue, K., 2000. Efficient supply contracts for fashion goods with forecast
updating and two production modes. Management Science 46, 1397-
1411.

Engelbrecht, A.P., 2007. Computational Intelligence: An Introduction. Wiley.

Erkoc, M., Wu, S.D., 2005. Managing high-tech capacity expansion via reservation
contracts. Production and Operations Management 14, 232-251.

Ganesan, T., Vasant, P., Elamvazuthi, 1., 2012. Hybrid PSO approach for solving non-
convex optimization problems. Archives of Control Sciences 22 (1), 5-23.

Handfield, R.B., Bechtel, C., 2002. The role of trust and relationship structure in
improving supply chain responsiveness. Industrial Marketing Management 31,
367-382.

Haupt, R.L,, Haupt, S.E., 2004. Practical Genetic Algorithms. Wiley.

Hill, J.A., Eckerd, S., Wilson, D., Greer, B., 2009. The effect of unethical behavior on
trust in a buyer-supplier relationship: the mediating role of psychological
contract violation. Journal of Operations Management 27, 281-293.

Inderfurth, K., Sadrieh, A., Voigt, G., 2008. The impact of cheap talk on supply chain
performance in case of asymmetric information: an experimental investigation.
In: FEMM Working Papers 08001. Faculty of Economics and Management, Otto-
von-Guericke University Magdeburg, pp. 1-39.

Jin, M., Wu, S.D., 2007. Capacity reservation contracts for high-tech industry.
European Journal of Operational Research 176, 1659-1677.

Kahneman, D., Tversky, A., 1982. On the study of statistical intuitions. Cognition 11,
123-141.

Klastorin, T.D., Moinzadeh, K., Son, J., 2002. Coordinating orders in supply chains
through price discounts. IIE Transactions 34 (8), 679-689.

Lau, AH.L, Lau, H.S., Zhou, Y.W. 2008. Quantity discount and handling-
charge reduction schemes for a manufacturer supplying numerous
heterogeneous retailers. International Journal of Production Economics
113, 425-445.

Li, S., Lin, B., 2006. Accessing information sharing and information quality in supply
chain management. Decision Support Systems 42, 1641-1656.

Ozer, O., Zheng, Y., Chen, K.-Y., 2011. Trust in forecast information sharing.
Management Science 57 (6), 1111-1137.

Pezeshki, Y., Baboli, A., Akbari Jokar, M., 2013. Simultaneous coordination of
capacity building and price decisions in a decentralized supply chain. The
International Journal of Advanced Manufacturing Technology 64 (5-8), 961-
976.

Qin, Y., Tang, H., Guo, C., 2007. Channel coordination and volume discounts with
price-sensitive demand. International Journal of Production Economics 105, 43—
53.

Sarlak, R., Nookabadi, A., 2011. Synchronization in multi-echelon supply chain
applying timing discount. The International Journal of Advanced Manufacturing
Technology. http://dx.doi.org/10.1007/s00170-011-3486-0.

Sarmabh, S.P., Acharya, D., Goyal, S.K., 2008. Coordination of a single-manufacturer/
multi-buyer supply chain with credit option. International Journal of
Production Economics 111 (2), 676-685.

Serel, D.A., Dada, M., Moskowitz, H., 2001. Sourcing decisions with capacity
reservation contracts. European Journal of Operational Research 131, 635-
648.

Severinov, S., Deneckere, R., 2006. Screening when some agents are nonstrategic:
does a monopoly need to exclude? The RAND Journal of Economics 37, 816-
840.

Vasant, P., 2010. Hybrid simulated annealing and genetic algorithms for industrial
production management problems. International Journal of Computational
Methods 7 (2), 279-297.

Vasant, P., Barsoum, N., 2009. Hybrid genetic algorithms and line search method for
industrial production planning with non-linear fitness function. Engineering
Applications of Artificial Intelligence 22 (4-5), 767-777.

Viswanathan, S., Qinan, W., 2003. Discount pricing decisions in distribution
channels with price sensitive demand. European Journal of Operational
Research 149, 571-587.

Voigt, G., 2009. Supply chain coordination with information sharing in the presence
of trust and trustworthiness: a behavioral model. otto-von-guericke-university
magdeburg, femm Working Paper.

Wu, D.J.,, Kleindorfer, P., Zhang, J., 2002. Optimal bidding and contracting strategies
for capital-intensive goods. European Journal of Operational Research 137, 657-
676.


http://dx.doi.org/10.1016/j.ejor.2013.04.055
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0005
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0005
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0005
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0010
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0010
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0010
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0015
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0015
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0020
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0020
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0025
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0025
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0025
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0030
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0030
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0035
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0035
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0040
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0040
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0040
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0040
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0045
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0045
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0045
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0050
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0050
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0050
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0055
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0060
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0060
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0065
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0065
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0070
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0070
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0070
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0075
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0080
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0080
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0080
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0085
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0085
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0090
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0090
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0100
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0100
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0105
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0105
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0105
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0105
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0110
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0110
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0115
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0115
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0115
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0115
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0120
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0120
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0120
http://dx.doi.org/10.1007/s00170-011-3486-0
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0130
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0130
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0130
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0135
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0135
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0135
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0140
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0140
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0140
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0145
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0145
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0145
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0150
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0150
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0150
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0155
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0155
http://refhub.elsevier.com/S0377-2217(13)00369-X/h0155

	A rewarding-punishing coordination mechanism based on Trust in a divergent supply chain
	1 Introduction and literature review
	2 Model description
	2.1 Basic mathematical optimization model
	2.2 Rewarding-punishing mechanism based on trust

	3 Approximated optimization model
	3.1 Discretization of price variables
	3.2 Quadratic approximation of objective function
	3.3 Approximated optimization model

	4 Simulation experiments
	5 Simulation results
	6 Discussion
	7 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	References


